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Executive Summary 
 Bobbin Mill brook of Auburn, Maine is a formerly categorized urban-impaired stream 
located adjacent to acres of impervious surface and corn fields. Flowing just east of Route 4, 
Bobbin Mill Brook drains from Lake Auburn into the Androscoggin River.  Since impervious 
surface cover and stormwater runoff have negative effects on the water quality and habitat of 
rivers and streams, the Androscoggin River Watershed Council (ARWC) and the Bates College 
program in Environmental Studies assigned a project n Bobbin Mill Brook.  This study outlines 
the state of the brook and looks at potential sites to implement best management practices and 
low impact development and is supported by GIS mapping, water quality testing, and scholarly 
research. This study will assist the Androscoggin River Watershed Council (ARWC) to identify 
the types, sources, and entryways of pollution into the brook.   
Despite the varying slopes, vegetation, and wetlands that buffer the brook from 
stormwater runoff from the Route 4 parking lots, we found signs of erosion near the brook, such 
as channels from impervious surfaces into the brook and ineffective mitigation practices already 
in place.  Our water quality testing was less telling, demonstrating no significant changes from 
the outlet of Lake Auburn to the Androscoggin River entry. However, small fluctuations in 
dissolved oxygen and specific conductivity were seen along the brook, suggesting that runoff 
may be entering the brook from several locations such as Jim’s and Lee Auto.  Our total 
suspended solids testing demonstrated that sediment or debris is entering the stream from Route 
4 or its impervious parking lots.  Scholarly research supports that compost filters, stormwater 
drain filters, and vegetated berms at the edges of parking lots can be cost-effective measures to 
reduce the intensity of and improve the quality of the runoff entering the stream from businesses 
parking lots.  
After empirical testing, mapping, and research we see that pollution is entering Bobbin 
Mill Brook; although no one specific property seems to be the main polluter.  Despite our 
findings, this project does not provide a complete picture of the brook. It is necessary to 
incorporate the biological, chemical, physical, and ecological aspects of the brook when 
examining the state of the brook. Regular monitoring of the brook would produce more accurate 
and reliable empirical results and would help to see how the water quality changes between the 
Lake Auburn outlet to the Androscoggin River entry.  This project is an effective starting point 
to bring awareness to and improve the quality of Bobbin Mill Brook. 
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I. Introduction 
 
  As a result of Maine’s population increase of 91% since 1900 (US Census 2012) and 
escalating economic growth, (Smith 1966) water pollution is a major byproduct of the region’s 
development and industrialization (Judd 1990).  In the 1960s, Water pollution became a concern 
for the citizens, businesses, and government of Maine nd as a result the state’s rivers are less 
polluted today. (Judd 1990).  Still, many different mediums of water pollution harm aquatic 
environments and water quality in Maine, and as a result harm the humans who live nearby or 
use these rivers. With increased development and population growth, urban stormwater runoff is 
a water quality issue of growing importance both worldwide and in specific communities, such 
as Lewiston Auburn (Brabec et al. 2002). 
Bobbin Mill Brook, a stream of two miles in length, is located in an urban watershed of 
Auburn, Maine. It is fed by Lake Auburn and runs into the Androscoggin River above the 
Memorial Bridge.  Much of the brook runs parallel to Route 4 in Auburn where several auto and 
shopping malls are located.  As Route 4 connects York, Cumberland, Androscoggin, and 
Franklin Counties, it is heavily traveled by trucks and cars (Roads Around ME 2010). 
Impervious surfaces are a dominate feature in the Bobbin Mill Brook watershed, since businesses 
along Route 4 have parking lots along the brook.  Research shows that an increase in impervious 
cover of a watershed leads to changes in base flow bi logical integrity, and water quality of a 
stream or river (Brabec et al. 2002, Brun & Brand 2000, May et al. 1997, Wang et al. 2000)  In 
the past, Bobbin Mill Brook was considered an urban impaired stream, but in recent years has 
been placed in a relatively clean category (Chapter 500 2008). However, the state has not 
collected any empirical data on the stream since 2008. The town of Auburn hopes to revitalize 
the surrounding area of the brook for potential walking paths and recreational use. The water 
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quality now affects future opportunities for recreational and economic potential making the 
stormwater management practices more crucial for Bobbin Mill Brook. Our study analyzes the 
current water quality and potential pollution sites o help plan future stormwater management 
strategies for Bobbin Mill Brook.    
Stormwater runoff is a product of impervious surfaces such as parking lots or buildings 
that do not allow the filtration of water through soil or vegetation before it enters a body of water 
(EPA 2013).  Stormwater runoff includes loose sediment and debris on the ground that gets 
washed through the watershed and eventually finds itself n a stream or river. Runoff from 
impervious surfaces leads to faster faster flow rates nd higher volumes in streams than from 
permeable surface (Brun & Brand 2000). This runoff can negatively impact the water quality and 
biological integrity of rivers and streams (Arnold & Gibbons 1996, Brabec et al. 2002). 
Due to the known effects of stormwater runoff and the implementation of the Clean Water Act, 
policymakers have written laws to mitigate the negative impacts of impervious surfaces on water 
ecosystems. In Chapter 500 of the Maine Stormwater Management Law, the Maine Department 
of Environmental Protection (DEP) categorizes different types of pollutants and makes modern 
development projects comply with standards of polluti n prevention.  This state law does not ask 
development projects built prior to the signing of the law to meet these standards, such as most 
of the businesses along Route 4 in Auburn.   The United States EPA (Environmental Protection 
Agency) provides best management practice (BMP) and low-impact development (LID) 
recommendations to help development projects meet pollution standards (EPA NPDES 2012, 
EPA 2013). A BMP structure slows the runoff flow or retains soil just before runoff enters a 
body of water and is often built after a development project (Grady et al. 2013, EPA NPDES 
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2012).  LIDs are “an approach to land development that works with nature to manage stormwater 
as close to its source as possible” (EPA 2013).  
We collaborated with both Ferg Lea from the Androscoggin River Watershed Council 
and the Bates College program in Environmental Studies to better understand the current state of 
Bobbin Mill Brook as well as to research possible stormwater runoff mitigation strategies.  We 
used empirical testing, GIS mapping, and scholarly research to identify potential entryways for 
stormwater runoff, existing mitigation techniques, and water quality throughout the stream.   
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II. Methodology 
The goal of this project was to identify the current water quality and sources of 
stormwater runoff pollution into Bobbin Mill Brook in relation to the neighboring impervious 
surface of Route 4.  Thorough maps of current management practices and runoff channels will 
assist businesses in future implementation of stormwater management.  To achieve this goal, we 
walked and mapped the brook, performed water quality testing, and researched impervious 
surface and stormwater runoff.   
Mapping 
 
We visited the brook several times.  On our first few visits we got our bearings on the 
location and surrounding environment.  In early October we were advised by Holly Ewing and 
Camille Parish of Bates College on how to “map the brook.”  Over the course of four visits we 
followed the stream bank and identified environmental elements that would influence stormwater 
runoff from the Route 4 properties such as steep slo e , invasive species, and siltation fences (for 
a full list of identified parameters, see appendix).  We also marked the different businesses along 
Route 4 (see appendix). From these gathered way points, we were able to make maps that pay 
close attention to water channels leading from impervious surface, mitigation strategies and 
buffers.  
Water quality testing 
 
We chose locations to perform water quality testing a d total suspended solids sampling 
based on our mapping of Bobbin Mill Brook. Since our focus was on the business’s contributions 
to the water quality, we chose water quality test sites on the edge of the brook upstream and 
downstream of Jim’s Auto Sales, Lee Auto, and Kmart, along with the outlet of lake auburn and 
the Androscoggin River entry.  Sampling above and below specific businesses helped us target 
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key areas where pollution may be entering the brook and where future mitigation efforts could be 
focused.  We performed tests both during non-storm events and after storm events.  The water 
quality tests included temperature, dissolved oxygen, pH, specific conductivity. Dissolved 
oxygen is an indicator of biological productivity (Wetzel 1983).  Conductivity, a measure of 
water’s ionic content, provided insight into the amount of road salt runoff (Wetzel 
1983).  Temperature was an important parameter due to issues of thermal pollution from 
impervious surface and the importance of temperature on biological processes (Davidson & 
Bradshaw 1967, O’Connor 1967). PH is a measurement influenced both by the chemical and 
biological activity of a system (Wetzel 1983).   
From the water quality testing sites, we chose fourstream bank sites to perform total 
suspended solids (TSS, for a full procedure, see app ndix).  The amount of solids provides 
information about soil erosion and urban runoff (Murphy 2007). TSS can be comprised of salts, 
clay particles, plankton, organic debris, and other small solids.  Solids can be carriers of toxins 
and affect biological processes such as respiration nd photosynthesis (EPA 2013).   
Research 
 
We researched storm water management plans, impervious surfaces, previous studies on 
urban streams, and stormwater laws of Maine (for a full literature review, see appendix).  We 
performed this research to provide context to this project, to better understand what we were 
looking at as we mapped, to pick appropriate testing s tes, and to offer potential stormwater 
mitigation strategies.   
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III. Results and Discussion 
Water Quality Testing 
The main locations analyzed for dissolved oxygen, tmperature, specific conductivity, 
and pH were Lake Auburn, Lake City Imports (above Le  Auto), below Lee Auto (Stetson Road), 
a channel from Stetson Road, above Kmart, below Kmart, and right before the Androscoggin 
River entry. We had a representative number of sample locations with varying environment types 
and businesses along the stream.  
In water quality analyses, dissolved oxygen is measured because it is a good indicator of 
biological activity and processes that are happening in the stream (figure 1). As seen on the 
dissolved oxygen graph, there was no real change in dissolved oxygen between the sample 
locations. The dissolved oxygen levels ranged from just below 6 mg/L to just above 10 mg/L. 
The fluctuating dissolved oxygen levels suggest that t ere is not one location where pollution is 
entering the stream, but several areas where runoff may be entering Bobbin Mill Brook.  
Figure 1: Dissolved oxygen levels (mg/L) of Bobbin Mill Brook, Auburn, Maine. 
Position on graph, from left to right corresponds to positions farther downstream.  Bar colors 
correspond to sampling dates. 14-Nov-13 was a day after a rain event.    
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The specific conductivity changed depending on sample location. On November 6, the 
specific conductivity consistently increased as it traveled downstream towards the Androscoggin 
River (figure 2). However, on November 13, 14 and 19, the specific conductivity followed a 
pattern of high conductivity to low conductivity lev ls, and back again to high levels near the 
entry point to the Androscoggin River. This suggests that runoff may be coming into the stream 
somewhere near the end of Bobbin Mill Brook since the conductivity levels consistently increase 
from start to finish. Moreover, a large outlier at Stetson Road was excluded from the graph to 
better see the trends in Bobbin Mill Brook. The like y reason for high specific conductivity at 
Stetson Road was the pool of pollution as seen in picture 1, which would cause the data to spike 
(see Appendix).  
 
Figure 2: Specific conductivity, measured in µs, of B bbin Mill Brook, Auburn, Maine. 
Position on graph, from left to right corresponds to positions farther downstream.  Bar colors 
correspond to sampling dates. 14-Nov-13 was a day after a rain event.    
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Picture 1: Polluted Stetson Rd. Channel flowing into Bobbin Mill Brook, Auburn, Maine. 
 
Figure 3: Total suspended solids, measured in g/L, in Bobbin Mill Brook, Auburn, Maine. 
Position on graph, from left to right corresponds to positions farther downstream.   
 
Total suspended solids (TSS) data was also collected on November 11, 2013 and 
analyzed in the laboratory (figure 3). TSS at the Lake Auburn outlet was negative, suggesting 
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little to no suspended solids in the water. Moving downstream to below Jim’s Auto and above 
Lake City Exports, the total suspended solids increases to 0.0029 g/L amount. This suggests that 
somewhere before those locations, sediment and other debris was being washed into the stream. 
At Stetson Road, the TSS is extremely high, which can be attributed to the pollution seen in 
picture 1.   
Our water quality testing came to no real conclusion  regarding pollution entering Bobbin 
Mill Brook from our specific sample locations, as variation was not evident among these 
locations. However, this tells us that there is not one exact site where pollution and stormwater 
runoff is entering the brook, but that implementing stormwater mitigation techniques along the 
entire brook would be beneficial.  Additional water quality testing results can be found in the 
appendix.  
Mapping 
The GPS points taken during field excursions provide insight into trends along the brook 
such as: retention pools, beaver dams, bridges, buffers, stormwater channels, culverts, rock fill, 
foam in the brook, high and low flow velocity, invasive species, sediment fences, steep banks, 
and flat terraces (see appendix). These categories were supplemented with field notes. For 
example, several invasive species were recorded, such as the barberry, multiflora rose, 
honeysuckle, and bittersweet plants.  
Map 1 (on the following page) includes locations of the businesses along Route 4. It 
shows the business size and proximity to the brook. It is important to see the types of businesses 
along the brook to better understand their role in Bobbin Mill Brook. 
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       Map 1: Businesses located along Route 4 adjacent to Bobbin Mill Brook in Auburn, Maine.  
Map 2 shows just the stormwater channels we identifi d along the brook. There is a 
larger cluster of stormwater channels toward the beginning of Bobbin Mill Brook at the Lake 
Auburn Outlet than near the Androscoggin River entry. There are more areas of erosion along 
the banks near the first set of malls (with Jim’s Auto Sales) than at the second set (which 
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includes Kmart and the residential areas) - Lee Auto falls in the middle of these two regions. The 
higher number of stormwater channels in the first por ion of the brook suggests that more runoff 
may be entering from this area. Even though there is l ss erosion occurring on the second half of 
Bobbin Mill brook, it is still important to implement mitigation plans to prevent future erosion 
and pollution from occurring. 
Map 2: Stormwater runoff channels along Bobbin Mill Brook, Auburn, Maine.  
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Maps 3 and 4 demonstrate how close the brook is to the impervious surface, as well as 
the amount of existing impervious surface along route 4. It is important to note that these figures 
only show the impervious surface on one side of route 4. There are numerous auto malls and 
businesses (including parking lots) on the other side of route 4 that slope downwards towards 
Bobbin Mill brook, contributing to its pollution and erosion problems. Map 5 is an outline of the 
watershed of Bobbin Mill Brook, even though areas on the other side of Route 4 are farther from 
the brook, they are still a part of the stream’s watershed and the runoff from these areas will 
eventually enter the brook. 
Map 3: Lee Auto 
parking lot along 
Bobbin Mill Brook, 
Auburn, Maine. 
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Map 4: Several 
businesses north of 
Lee Auto on Route 4, 
adjacent to Bobbin 
Mill Brook, Auburn, 
Maine.  
 
 
 18
        The parking lot and area behind Kmart is shown with different features marked (Map 6). 
As you can see, the Kmart parking lot is not as cloe t  the stream as Lee or Jim’s (as seen in 
Maps 3 and 4), but Kmart has implemented several mitigation techniques, such as sediment 
fences, retention pools, and culverts. Kmart was one of the only locations that had many 
mitigation techniques in place. Although the mitigaon techniques were not the most efficient 
(several sediment fences were torn down and had holes in them), there are mitigation techniques 
in place.  
Map 5: K Mart parking lot and Bobbin Mill Brook, Aub rn, Maine.  
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From these maps and water quality results, we suggest that mitigation plans be 
implemented along Bobbin Mill Brook. Even though there are areas with less erosion, it is still 
important to implement mitigation plans to prevent future erosion and pollution from occurring. 
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IV. Conclusions 
 
Regarding Lee Auto and potential mitigation techniques  
 Our results support that the stormwater runoff from impervious surfaces is  entering the 
brook at many different locations along the stream (Map 2, figures 1-3) and that the water quality 
is in many ways consistent throughout the watershed (figure 1).  However, a goal of this project 
was to pay special attention to the runoff entering Bobbin Mill Brook from the Lee Auto parking 
lot and we do have data points that shed light on the runoff from the Lee Auto lot.  The increased 
TSS levels and conductivity readings below Lee suggest that pollution is entering the brook from 
the Lee Auto parking lot (figure TSS and conductivity).  We observed three large channels that 
enter the brook from the Lee parking lot (map 3).  We also noticed that the buffer area between 
Lee and the brook at the North end is small and particularly steep. These areas could be the main 
pathways of surface runoff to enter the brook.  Still it is important to recognize the sampling 
locations in these results.  The high values could have been influenced by the runoff from 
Stetson Road, as it is a gradual downward slope of impervious surface from its intersection with 
Route 4 and is just downstream to the sampling site below Lee Auto (Map 3, watershed map, 
Lyon et al. 2004).  
 Our survey showed that Lee Auto does not yet have any best management practices in 
place to reduce the quantity and improve the quality of he runoff entering Bobbin Mill Brook 
(map 3).  Since Lee Auto is not required by law to implement stormwater treatment controls, the 
dealership would have little motivation to implement a mitigation plan (Maine DEP 2010).  After 
extensive research on best management practices and low impact development (Appendix), we 
would suggest a few low-cost measures to Lee.  In the s eep area at the north end of the 
dealership, perhaps small berms could be planted or compost retention socks could be placed at 
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the edge of the impervious surface and the slope (Bastein et al. 2011, EPA 2013). These 
practices would slow the runoff flow and absorb more f the pollutants before the water enters 
into the brook.  If Lee Auto could target the runoff channels on their property, perhaps they 
could use similar structures in the channel that could slow down the surface runoff.  
 While other more large scale projects such as permeable surfaces, roof gardens, and 
culverts and retention ponds would better help mitigate stormwater runoff, they are higher cost 
and more intensive (Bastein et al. 2011, EPA 2013).  Before recommendations for these 
measures to be implemented, further research should be done to gain a better understanding of 
the main sources of surface runoff and the biological integrity of Bobbin Mill Brook (Kondolf & 
Michelli 1995, Welker et al. 2013, Brabec et al. 200 ).   
Our holistic approach and recommended next steps 
Our study of Bobbin Mill Brook incorporates all sections of the brook and their 
surrounding features. We took careful note of the businesses along the water banks and the types 
of surfaces. The holistic approach towards understanding the brook created a larger picture of the 
area and the contributors to the water quality of Bbbin Mill brook.  The numerous businesses 
that line the banks of the brook contribute to impervious surface and stormwater runoff. The 
initial study outline was focused on Lee Auto, but it became apparent that the source of the water 
pollution was not one particular business. The respon ibility of the water quality lands on all the 
businesses in the area and could not be narrowed down to one contributor.  The improvement of 
Bobbin Mill Brook water quality is a process that all residents and businesses along the stream 
can be included in. 
           Even though our study examined the state of Bobbin Mill Brook, there is still much to be 
done to protect the brook and its surrounding enviro ment. Our project focused on the chemical 
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processes going on in the brook by collecting dissolved oxygen, temperature, pH and specific 
conductivity data. A more detailed investigation of the brook incorporating biological, physical, 
chemical, and ecological would be useful in understanding human impacts on the brook (May et 
al. 1997, Wang et al. 2000). If more data were to be collected over the next several years, it 
would be easier to see the different trends occurring in the brook and would make it easier to see 
changes in the system. More research on stormwater mitigation techniques that could best be 
used on Bobbin Mill Brook specifically would be beneficial.  
        Moreover, most businesses along Route 4 do not have to comply with Maine’s 
Stormwater Management Act, so no laws exist to helpprotect Bobbin Mill Brook from 
stormwater runoff. Therefore, it is difficult to motivate businesses to implement stormwater 
mitigation plans. Also, at first glance, the brook appears healthy rather than polluted.  However, 
with erosion along the banks in conjunction with stormwater runoff, pollution could become 
worse in the future.  An incentive program for busine s to implement BMP or LID techniques 
would help to protect Bobbin Mill Brook and would allow it to be used for recreation in the 
future as a place where nature and the community can interact. 
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Figure 4: Temperature, in degrees C, of Bobbin MillBrook. Auburn, Maine.  Position on graph, 
from left to right corresponds to positions farther downstream.  Bar colors correspond to 
sampling dates. 14-Nov-13 was a day after a rain eve t.    
Figure 5 (below): Temperature comparison, in degrees C, of the beginning (Outlet) and end 
(Entry to Androscoggin) of Bobbin Mill Brook, Auburn, Maine.   ar colors correspond to 
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sampling dates. 14-Nov-13 was a day after a rain eve t.    
Figure 6: pH of Bobbin Mill Brook. Auburn, Maine.  Position on graph, from left to right 
corresponds to positions farther downstream.  Bar colors correspond to sampling dates. 14-Nov-
13 was a day after a rain event.    
 
 
 Map 6: Map of all of waypoints gathered throughout mapping process.  
 
 
 
 28
 
Picture 1 (left): Culvert behind K-Mart. 
Picture 2 (right): Large amount of fill behind K-Mart. 
 
2. Additional data 
 
Table 1: List of businesses along Route 4 adjacent to Bobbin Mill Brook in Auburn, Maine: 
 
K-Mart, Applebees, Book Burrow Karate and custodian supplies 
fire department Park 
Rowe Auburn  Jotul Stove 
Lee Glamour Pool and Spa 
Lake City Exports Mike Auto Center 
WD Matthews Hertz 
945 Center Street Complex Rent it 
Berube's Center Street, Auto 
Auto city Bread shack 
Sia Bella Lee Credit 
Jims Enterprise 
Marcs Toyota 
4x4 GroupBuy.com Chevy 
North Western Mutual Central Maine Credit Union 
Row credit J+M Homes 
A1 Auto Laundry mate 
Auburn plaza Evergreen subaru 
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Arbys + 99 US Cellular 
Shaws mall complex  
Date Location 
Temperature 
(C)  
Dissolved 
Oxygen 
(mg/L) 
Specific 
Conductivity 
(us) pH 
6-Nov Lake Auburn Outlet 10.6 9.45 50 7.76 
6-Nov Before businesses 7.6 8.87 89 7.35 
6-Nov Below Lee Auto 7.5 8.52 137 7.57 
6-Nov Stetson Rd. Channel 8 5.75 1394 6.5 
6-Nov Above kmart 7.6 10.47 143 7.68 
6-Nov Below kmart 7.6 8.22 153 7.77 
6-Nov Outlet to River 7.4 11 100 7.51 
13-Nov Lake Auburn Outlet 3.7 11.65 99 8.3 
13-Nov 
Before Businesses (Oak Hill 
Rd) 3.9 13.25 62 7.9 
13-Nov Jim's Auto 4.1 13.07 72 7.9 
13-Nov Lake City Exports 2.8 11.95 71 7.98 
13-Nov Below Lee Auto 3.9 12.24 166 7.7 
14-Nov Lake Auburn Outlet 3.8 11.51 89 8.1 
14-Nov Before businesses 4 13.5 65 8 
14-Nov Jims Auto 4 12.95 70 7.9 
14-Nov Lake City exports 3 12.05 70 7.8 
14-Nov Below Lee Auto 4 12.3 89 7.8 
14-Nov Andro entry 3.9 11.3 75 7.7 
19-Nov Lake Auburn Outlet 3.6 11.6 79 8.2 
19-Nov Before businesses 3.7 13.67 66 8 
19-Nov Jims Auto 3.6 13.2 69 7.6 
19-Nov Lake City exports 3.6 13.1 73 7.7 
19-Nov Below Lee Auto 3.5 12.4 75 7.7 
19-Nov Andro entry 3.5 11.4 78 7.8 
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Table 2: Raw data from water quality testing, showing temperature, dissolved oxygen, specific 
conductivity, and pH.  
 
 
Location 
Average 
Temperature (C)  
Average 
Dissolved 
Oxygen (mg/L) 
Average Specific 
Conductivity (us) Average pH 
Lake Auburn Outlet 5.4 11.1 79.3 8.1 
Before businesses 4.8 12.3 70.5 7.8 
Below Lee Auto 4.7 11.4 116.8 7.7 
Stetson Rd. Channel 8.0 5.8 1394.0 6.5 
Above Kmart 7.6 10.5 143.0 7.7 
Below Kmart 7.6 8.2 153.0 7.8 
Outlet to River 4.9 11.2 84.3 7.7 
Jim's Auto 3.9 13.1 70.3 7.8 
Lake City Exports 3.1 12.4 71.3 7.8 
Table 3: Average temperature, dissolved oxygen, specific conductivity, and pH during 
November 2013 of Bobbin Mill Brook at the various sample locations. 
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Literature Review 
 
Impervious surfaces are coverings of land, such as pavement or brick that do not allow 
the filtration of water through soil (EPA 2003).  With increasing urbanization and urban sprawl 
worldwide, the study of impervious surfaces and their environmental impacts is important 
(Brabec et al. 2002).  Historically, watershed planning and urban development used a strategy of 
removing the largest amount of water from the surface s quickly as possible to prevent flooding 
(Carter 1961 as cited in Brabec et al. 2002).  In 1964, an American Society of Civil Engineers 
task force on urban hydrology explained that even though urban watersheds make up only a 
small portion of the nation’s land area, nearly 80% of Americans live in an urban watershed (as 
cited by Brabec et al. 2002).   One of the earliest impervious surface studies was done by Espy et 
al. (1967) of the Texas Water Development Board.  They found that areas with larger areas of 
impervious surfaces affect stream flow more than less developed areas.  Brabec et al. (2002) 
write, 
 
 
Increasing urbanization has resulted in increased amounts of impervious surfaces—roads, 
parking lots, roof tops, and so on—and a decrease in the amount of forested lands, 
wetlands, and other forms of open space that absorb and clean stormwater in the natural 
system (Leopold 1968; Carter 1961). 
 
 
Researchers and planners have used different methods of quantifying impervious surface 
cover (Brabec et al 2002).  Percent urbanization, or the percent increase in the urban share of 
total population, could be used as a parameter to study the impacts of impervious surface (United 
Nations Population Fund 2007). Increased urban population does not necessarily mean increased 
impervious surface (Brabec et al. 2002). Total impervious surface (TIA) is the impervious area in 
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a watershed while effective impervious area (EIA) is impervious area that is directly connected 
to stream channels in a catchment (EPA 2012).  
        Impervious surfaces can cause increased stormwater runoff. Stormwater is collected 
precipitation, such as rain or snowmelt.   When it does not soak into the ground, the stormwater 
is considered surface runoff.  Surface runoff on impervious surfaces generally has greater 
velocities, larger volumes, and higher flow rates than that of a permeable surface (Brun & Band 
2000).   
Urban runoff pollution such as eroding soil and dust and debris, is one of the leading 
causes of stream water quality impairment in the USA (Brun & Band 2000). The increase in 
impervious surface has led to increased quantity and decreased quality of surface runoff entering 
streams and other bodies of water (Arnold & Gibbons 1996).  The intensity of the precipitation 
events affects stormwater runoff.  Neihoff et al. (2002) found that stormwater runoff generation 
is stronger for short storm events with high precipitation intensity rather than long storm events 
with low precipitation intensities.  
Brun & Band (2000) found that when impervious surfaces make up less than 20% of a 
watershed, they only have small effects on runoff ratio and base flow.  In contrast, May et al. 
(1997) found that even 10% imperviousness can affect biological activity of a stream.  Wang et 
al. (2000) wrote that the relationship between biological integrity to imperviousness is a 
continuum rather than a threshold at imperviousness levels around 10%.  Studies agree that after 
30-40% imperviousness of a watershed, the number of species and biological integrity of the 
stream are nearly zero (May et al. 1997, Wang et al. 2000).  This impervious surface threshold 
seems difficult to define, as different studies measure pollution based on different parameters, 
biotic and/or abiotic (Brabec et al. 2002).  Brun & Band (2000) measured baseflow while Wang 
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et al. (2000) measured Index of Biological Integrity (IBI, Karr 1987).  Measurements of biota are 
more likely to reflect the long-term health of a stream (Shaver et al. 1995).  Water quality 
measurements are often fleeting or changing, but can be measured quickly with field electrodes.   
Four common physical parameters that can be measured with an electrode are pH, 
dissolved oxygen, temperature, and specific conductivity.  Dissolved oxygen is a result of 
diffusion of oxygen between the water and atmosphere and photosynthesis by organisms in the 
water column (Wetzel 1983).  Higher dissolved oxygen levels typically indicate water quality 
that supports more productive habitat.  Dissolved oxygen levels will be higher in areas of faster 
moving water because of increased diffusion between atmospheric oxygen and surface water 
oxygen.  Colder water can be more saturated with dissolved oxygen. While dissolved oxygen is 
an important indicator of stream health, its levels can vary without being an indicator of poor 
water quality. 
For the most part, water temperature varies with clmate; however, impervious surfaces 
can cause thermal pollution of streams.  Thermal polluti n occurs when heated runoff flows into 
a stream or river (Davidson & Bradshaw 1967). Changes in temperature cause gases to dissolve 
at different levels in water, which can affect the biota of the water (Wetzel 1983). Also, all 
biological processes are to some extent regulated by temperature (O’Connor 1967).  Temperature 
changes are signals for different biota and a change i  these temperature cycles can upset life 
cycle patterns of organisms (MacNamara 1966).  PH is a scale of acidity or basicity and 
ultimately a measurement of the concentration of hydrogen ions. PH is dependent on both the 
chemical and biological components of a water system (Wetzel 1983).  
         Specific conductivity is a measurement of water’s ionic content.  Conductivity increases 
with concentration of ions (Wetzel 1983).  The most common ions in a conductivity 
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measurement are: calcium (Ca2+), magnesium (mg2+), sodium (Na+), potassium (K+), bicarbonate 
(HCO3-), sulfate (SO42-), and chloride (Cl-).  Sodium and calcium are two ions that typically make 
up road salt.  Conductivity can be a parameter to look at how much of road salt from impervious 
surfaces is entering a water body.  Conductivity also increases with temperature, which should be 
noted when comparing conductivity values across time or between different bodies of 
water.  Unlike pH or dissolved oxygen, conductivity is both less dependent on and less 
influential on biota (Wetzel 1983). 
 The amount of solids in a stream or other water body can provide information about flow 
rates, soil erosion, and urban runoff (Murphy 2007).  Different methods of solid collection can 
provide different information.  Total solids include both total suspended solids (TSS) and total 
dissolved solids in a sample.  Total suspended solis are solids that can be trapped by a filter 
while dissolved solids are small enough to make it through the filter.  Total suspended solids 
blocks light from reaching submerged vegetation and can lead to reduced photosynthesis and 
dissolved oxygen levels (Mitchell & Stapp 1992).  High TSS levels often mean higher levels of 
bacteria, nutrients, pesticides, and metals (Federal Interagency Stream Restoration Working 
Group 1998 as cited by Murphy 2007).  In stream water, dissolved solids consist of calcium, 
chlorides, nitrate, phosphorus, iron, sulfur, and other ion particles that would pass through a filter 
with pores of around 2 microns in size; on the other hand, suspended solids include silt and clay 
particles, plankton, algae, fine organic debris, and other particulate matter that do not pass 
through a 2-micron filter (EPA, 2013). The measurement of total suspended solids is integral to 
water quality. Higher concentrations of suspended soli  can serve as carriers of toxics, which 
attach to suspended particles and are transported in the stream (EPA, 2013). TSS can also affect 
water clarity, slowing down the process of photosynthesis and affect biological activity in the 
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stream (EPA, 2013). Industrial discharges, sewage, fertilizers, road runoff, and soil erosion are 
all sources of total solids (EPA, 2013). Analyzing total suspended solids can be useful as an 
indicator of the effects of runoff from construction, agricultural practices, logging activities, 
sewage treatment plant discharges, and many more (EPA, 2013). 
        Impervious surfaces seem to be major part of the world’s urbanization and development, 
so strategies to lessen the environmental impact of impervious surfaces are important to research 
and implement.  The EPA’s National Pollutant Discharge Elimination System (NPDES) coins 
the term best management practice (BMP) as a type of stormwater pollution control. A BMP can 
either be a structure or device to treat stormwater or a practice that can minimize pollution in 
stormwater (EPA NPDES 2012).   Many studies on how to plan and mitigate stormwater runoff 
from impervious surfaces have been written.  Low Impact Development (LID) is “an approach to 
land development that works with nature to manage stormwater as close to its source as 
possible” (EPA 2013).  LID uses principles such as recreating and maintaining natural 
landscapes to minimize effective imperviousness (EPA 2013). 
        Stormwater drains and pipes were built in urban areas even before BMPs were 
commonplace.  As a result, many pipe may have been d signed to carry water from an 
impervious surface to a stream or river without anytreatment system or release heavy metals into 
waterways (Ogburn et al. 2012).   Today, there are two main BMP to treat stormwater that enters 
a drainage system: first, “treatment train” implementation, and second, end-of-pipe control ponds 
(Bastien et al. 2011).  A treatment train implementation uses several different removal 
techniques, treats stormwater closer to the source, and is less susceptible to loading after rain 
events or snow melt (Bastien et al. 2011).  However, th se methods usually have higher 
construction costs and use more land.   A silt fence is another common BMP technique.  A silt 
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fence is a temporary construction of synthetic filter fabric to prevent loose soil from moving 
down a slope or into a stream.   In laboratory settings, these silt fence fabrics have effectively 
trapped sediment, but have been largely ineffective in field tests when measuring total suspended 
solids and turbidity of the downslope stream (Barrett et al. 1996).  
        Perhaps Bastien et al.’s (2011) idea of a tre tment train is better categorized as a LID 
technique, as the mitigation is natural removal techniques close to the runoff source.  Additional 
LID techniques use the ability of soil and vegetation to treat stormwater naturally such as 
vegetated retaining walls, engineered swales along r adways, and catch basins topped with 
plants and shrubs (Rafter 2008). Rafter (2008) also writes about the feasibility of filters in 
stormwater drains to collect total suspended solids f a certain size.  Although filters are not a 
natural method of stormwater treatment, they mitigate stormwater pollution closer to the source 
than more traditional end-of-pipe controls.   
Until now, this review has categorized land as either impervious or permeable, but the 
vegetation and topography of both permeable and impervious land have far reaching effects on 
the quality and quantity of its runoff.  Areas of steep slope are particularly intense areas of 
stormwater runoff (Lyon et al. 2004).  Lyon et al. (2004) use a topographic index that takes into 
account the area of the upslope watershed, the local slope, soil depth, and hydraulic 
conductivity.  When looking at vegetation cover, a m ture forest absorbs the greatest amount of 
water during a storm event.  The amount of mature fo st in a watershed is an important 
parameter in runoff assessment (Richards et al. 1996). Wetlands can also mitigate sediment, 
nutrients, and disturbance levels (Richards et al. 1996). Ross and Dillaha (1993, as cited in 
Brabec et al. 2002) compared runoff, nutrient, and se iment levels from six different pervious 
surfaces after rain events.  Mulched landscape and meadows had no runoff, nutrients, and 
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sediment level increases compared to low lying forests.  Warm-season turf, cold season-grass, 
bare soil, and gravel all had levels of runoff, nutrients, and sediments, increasing 
respectively.  Agricultural land, while still a pervious surface with low levels of runoff, 
contributes more nutrients than any other land use. Wang et al. (1997) found that IBI levels do 
not decrease due to agricultural land use until 50%watershed is converted to agricultural 
use.  Many factors go into the quality of a stream such as climate, geology, soils, land use, and 
vegetation which in turn affect discharge and sedimnt load (Morisawa & LaFleure 1979, as 
cited in Brabec et al. 2002). Booth & Jackson (1997) point out that land use and vegetation are 
the only two factors that can be altered by humans ( lthough another argument can be posed that 
humans affect the other factors as well).  
        Many urban stream restoration projects based on these BMPs and LIDs have been 
implemented.  Purcell et al. (2002) write about the inexpensive and successful restoration of a 
small urban stream, Baxter Creek in El Cerrito, California. Through opening a culverted channel, 
planting riparian vegetation, and adding step-pool sequences, the restored section of the stream 
experienced improved biological and habitat quality. Despite the extensive studies and successful 
mitigation plans, Brabec et al. (2002) identify issue  with the current literature on and 
implementation of stormwater management: 1) the impervious surfaces may not be the most 
important variable in the runoff of the watershed, 2) popular mitigation strategies such as 
retention ponds are only effective to a certain extent, 3) The vegetation of the pervious sections 
of the watershed is more an important piece of the puzzle, and 4) The proximity of the 
impervious surfaces to the water source is perhaps the most important variable. 
        Another issue with current urban stream mitigation is the lack of consistent monitoring, 
especially post-restoration (Kondolf & Micheli 1995).  Kondolf & Micheli explain that a through 
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examination of the present conditions of a stream should precede a restoration project. 
Geomorphic, hydrologic, and biological monitoring for 10 years should follow a restoration 
project.  Welker et al. (2013) created and implemented a monitoring program for stormwater 
control measures in Philadelphia, Pennsylvania.  This monitoring program has three levels, 
depending on interest, equipment, funding, and frequency of monitoring.  Monitoring can be 
performed yearly, seasonally, at an event, or continuously.  The first level monitors to make sure 
the mitigation strategy is functioning as designed. The second level relates the mitigation 
strategy to the water quality of the water body.  The third level relates the mitigation strategy to 
both the water quality and the ecological components of he water body. A particular stormwater 
mitigation measure can be measured in terms of five diff rent goals, “1) control the volume of 
runoff, 2) control peak runoff rates, 3) reduce pollutants, 4) promote evapotranspiration, and 5) 
establish wetland structure and function” (Welker et al. 2013 p. 1108).  For example, the 
monitoring of a rain garden or filtration pond can measure the following parameters: the 
infiltration rate (how much water is sitting in the pond 48 hours after a rain event), the movement 
of water (what channels or clogs are present), the plant diversity and coverage (what is the 
vegetation doing to help treat the stormwater). In Welker et al.’s (2013) Philadelphia case study, 
the increasing levels of monitoring led to more gathered information about the effectiveness of 
the mitigation plan but also cost increasingly more amounts of money.  
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Protocols 
 
 
Total Suspended Solids 
 
Protocol taken from Camille Parish, 2013 
 
1. Label an aluminum weighing dish and weigh it.  Put the weighed filter in the dish and weigh 
again. Only use tweezers to handle filter. 
2.  Transfer the glass fiber filter, gridded or rough side up, to the filter appartus, clamp on the top 
of the filter and insert firmly into the erlenmeyer flask.  Attach the vacuum hose.   
3.  Pour  or spray from a bottle, some DI water onto the filter while the vacuum is running to be 
sure the filter is firmly seated and there are no leaks. DI water tap is labeled as such in the sink. 
Turn off the vacuum. 
4.  Shake your sample vigorously as you really want to suspend everything into the water 
column.  Pour your sample into the 1 L graduated cylinder and record the volume. 
5.  Turn on the vacuum and pour your sample into the filter apparatus, checking to be sure that 
erlenmeyer flask does not get so full that water exits into the vacuum tubing. 
6.  Turn off the vacuum when all of the water is filtered, empty the flask, reattach the flask and 
begin the process of shaking your sample, transferring to the graduated cylinder, and then 
filtering again.   
7.  Repeat this process until all of your sample has been filtered.  If you need a more accurate 
graduated cylinder for the last bit of sample, you will find some in the glass shelves or bottom 
cabinet in B-21A.  
7.5 If you see some additional suspended solids in your poly 20 L sample bottle, you can add DI 
water, slosh it around and pour the DI water through the filter.  Repeat as many times as you 
need, but might be good to do this at least 3 times.  You should not include the volume of DI 
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water in your sample volume since DI is free of suspended solids and is only transferring what 
was already in your sample volume. 
8.  Before you take apart the filter apparatus, take  spray bottle with DI and squirt along the 
sides of the filter holder in case some solids adhered to it while your sample was going through 
the filter.  Vacuum this water through the filter. 
9.  Remove the filter with the solids and place in the labeled aluminum dish.   
10.  Take the dish to B-15 back room where the drying oven is located.  Turn the oven to 103-
105 C (see the red tape on the dial) and leave for 24 hours. 
11.  Remove the filter in its dish from the oven and immediately place into the dessicator to cool- 
(10 min.?).   
12.  Once cool, reweigh the dish with filter and retu n to dessicator. 
13.  Repeat this process for all of your samples.   
 
